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ABSTRACT: This study describes the development and partial characterization of a continuous
fibroblastic-like cell line (BEF-1) developed from late stage embryos of North American burbot Lota
lota maculosa. This cell line has been maintained for over 5 yr and 100 passages in vitro. Cells were
cultured using Eagle’s minimum essential medium with Earle’s salts (MEM) supplemented with GlutaMAX™, and 10% fetal bovine serum (FBS), pH 7.4. The addition of penicillin-streptomycinneomycin (PSN) antibiotic mixture (0.05, 0.05, 0.1 mg ml–1, respectively) did not negatively influence
cell replication; however, the antimycotic Fungizone™ (2.5 µg ml–1, amphotericin B) caused cell
rounding and resulted in a severe decrease in cell proliferation. Optimal incubation temperature has
been observed between 15 and 23°C, and at these temperatures cultures are routinely passed using
standard trypsinization methods every 5 to 7 d at a split ratio of 1:3 or 1:4. The cell line was susceptible to isolates of the M and U North American genotypes of infectious hematopoietic necrosis virus
(IHNV), and to isolates of genotypes I, IVa, and IVb of viral hemorrhagic septicemia virus (VHSV). In
contrast, the cell line was refractory to infection by 2 North American isolates of infectious pancreatic
necrosis virus (IPNV) from serotypes A1 and A9. This cell line provides a new laboratory tool, will
allow further investigation into viral diseases of burbot and possibly other species, and is the first
immortalized cell line reported from a species in the Gadidae (cod) family.
KEY WORDS: Cell line · Burbot · Viral susceptibility · IHNV · IPNV · VHSV
Resale or republication not permitted without written consent of the publisher

Cell lines of fish have found merit for a wide range of
laboratory investigations including toxicology, pathogen isolation and amplification, genetic regulation and
expression, and DNA replication and repair (Babich &
Borenfreund 1991, Bols & Lee 1991). Additionally, the
relative ease of culture and propagation of fish cell
lines makes them ideal as instructional models or for
studies of cell-virus interactions (Nicholson 1989, Fryer
& Lannan 1994). Fryer and Lannan (1994) summarized
information on 125 fish cell lines derived from 52 spe-

cies, and in the decade and a half since their review a
substantial number of additional cell lines have been
established. Nevertheless, a cell line from the Gadidae
(cod) family has yet to be described.
Burbot are the only gadid to have a complete freshwater lifecycle and are widely distributed across the
northern reaches of the Holarctic ecozone (McPhail &
Paragamian 2000). The unique life history of burbot
has made it particularly susceptible to anthropogenic
habitat encroachments (Paragamian & Willis 2000),
and dwindling populations have been observed worldwide (Pulliainen et al. 1992, Fisher 2000, Paragamian
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2000, Paragamian et al. 2000). In recent years, conservation aquaculture programs have become established
both in Europe (Harzevilli et al. 2003, Vught et al.
2008) and North America (Jensen et al. 2008, Jensen et
al. 2008b, Jensen et al. 2008c) to aid in the recovery of
this species. Such efforts have raised concerns regarding disease susceptibility in burbot; an issue that has
remained largely unexplored.
The development of a burbot cell line provides a tool
for the detection of, and research into, intracellular
pathogens of this species. The need for species-specific
cell lines has been identified for fish pathogens such as
white sturgeon iridovirus (WSIV) (Hedrick et al. 1991),
which can only be cultured in sturgeon cell lines (OIE
2003). Although a similar virus has not been identified
in burbot, the development of a cell line derived from
burbot tissue should provide a useful tool for the study
of burbot-specific viruses.
Three known viral pathogens of fish, viral hemorrhagic septicemia virus (VHSV), infectious hematopoietic necrosis virus (IHNV), and infectious pancreatic
necrosis virus (IPNV), are of particular concern for burbot conservation aquaculture due to the close proximity and distribution of burbot to known viral reservoirs
and the relatively unknown disease susceptibility or
potential carrier status of this species. Therefore, the
primary goal of this study was to develop a tool for laboratory diagnostics and studies into pathogen-cell
interactions for burbot.

MATERIALS AND METHODS
Primary cell culture and subculture. Two late stage
embryos from North American burbot Lota lota maculosa less than 1 h post hatch were obtained from the
Aquaculture Research Institute at the University of
Idaho, Moscow, USA. Samples were minced with a
scalpel in a Petri dish containing minimal essential
medium (MEM) with Earle’s salts supplemented with
GlutaMAX™ (Gibco®), 10% fetal bovine serum
(FBS), penicillin-streptomycin-neomycin (PSN) antibiotic mixture (0.05, 0.05, 0.1 mg ml–1, respectively;
Gibco®), pH to 7.4 (MEMA-10). Resultant cells were
centrifuged at 200 × g for 5 min at 4°C and the pellet
resuspended in 10 ml fresh MEMA supplemented with
20% FBS (MEMA -20). Cells were seeded into a 25 cm2
flask and incubated at 15°C. Medium was replaced
after 24 h. This primary culture (burbot embryo fibroblast; BEF-1) and subsequent subcultures were passed
using standard trypsinization methods (Freshney 2000)
following cellular proliferation to ≥95% confluence.
Growth medium was replaced once per week without
trypsinization if additional time was required for cells
to reach confluence. Approx. 2 wk following primary

culture, antibiotics/antimycotics were removed from
growth medium (MEM-20) to limit any potential negative effects associated with their continued use (Freshney 2000). At passage 40, FBS concentration was
reduced to 10% (MEM-10) for all subsequent routine
culture. Subcultures were diluted at ratios of 1:2 or 1:3
approximately 14 d for early (< 40) passages and was
changed to 1:3 or 1:4 passed every 5 to 7 d for later passages.
Species authentication. Confirmation of species origin and detection of possible mixed species contamination or hybridization of BEF-1 cell line was performed by DNA sequence analysis of the cytochrome
C oxidase subunit I (COI) gene of the mitochondrial
DNA (Cooper et al. 2007). DNA was extracted from the
BEF-1 cell line at passage 88 using the DNeasy™ tissue kit 250 (QIAGEN Inc.) following manufacturer’s
instructions. A 655 base pair (bp) region of the COI
gene was amplified using primers and PCR conditions
described by Ward et al. (2005). PCR products were
visualized on a 1.6% agarose gel. Bidirectional sequencing was performed by Amplicon Express. Resulting sequences were analyzed and stored at the
Barcode of Life Database (BOLD) (Ratnasingham &
Herbert 2007) and on GenBank (Benson et al. 2003).
Cryopreservation and recovery. Protocols for cell
cryopreservation and recovery were performed based
on those described by Freshney (2000). Briefly, cells in
log phase growth were harvested by trypsinization,
pelleted by centrifugation and re-suspended in Recovery™ cell culture freezing medium (Gibco) to a concentration of 106 to 107 cells ml–1. Aliquots (1.0 ml)
were placed in cryovials (FisherScientific®) and frozen
at –80°C at a rate of 1°C h–1. After 24 h, vials were
transferred to liquid nitrogen. Cells were recovered by
thawing frozen vials in a 37°C water bath. Viability
was determined from a 50 µl sample by hemocytometer counting after trypan blue staining. Remaining contents were transferred to a 75 cm2 flask where freezing
medium was diluted drop wise with MEM-10 to a ratio
of 1:20. Cells were incubated at 15°C and medium was
replaced with fresh MEM-10 after 24 h.
Optimization of conditions for cell growth. Cultures
of BEF-1 at passages 75 to 80 were seeded into duplicate 12-well tissue culture plates (4.5 cm2 well–1, FisherScientific®) to a density of 1.7 × 104 cells cm–2. Total
medium volume was brought to 1.2 ml well–1. Baseline
culture conditions consisted of MEM-10 (without
antimicrobial chemicals) with an incubation temperature of 23°C unless otherwise specified. To assess
effects of temperature, cultures were incubated at 4,
15, 23, or 30°C. To assess effects of FBS concentration,
MEM was supplemented with 0, 2, 10, or 20% FBS. To
assess sensitivity to PSN or Fungizone™ (2.5 µg ml–1
amphotericin B; E. R. Squibb and Sons), cultures were
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incubated with PSN antibiotic mix, Fungizone™, PSN
antibiotic mix and Fungizone™, or without either
antimicrobial. All cultures were incubated for 15 d
with medium replaced at 9 d. At 15 d, average cell densities were calculated from replicate wells (n = 4) using
a hemocytometer. Effects of temperature, FBS concentration, and the use of antibiotic/antimycotic chemicals
on cell growth were compared by 1-way ANOVA
using Graphpad Prism 2.01 on log10-transformed data.
Pair wise comparisons were made using Tukey’s test.
Differences were considered significant at p < 0.05.
Karyotypic analysis. Chromosome preparations were
made according to Earley (1975), with the exception
that colcemid at a concentration of 0.2 µg ml–1 was
used to arrest cells in metaphase by incubation for 4 to
6 h. Cells were then incubated in a hypotonic solution
with 1 part Hanks balanced salt solution (HBSS) to
4 parts distilled water, and chromosome spreads were
prepared and stained as described by Earley (1975).
Chromosome spreads of 100 cells were counted.
Viral susceptibility. The BEF-1 cell line was tested
for susceptibility to infection by multiple strains of
IHNV, IPNV, and VHSV (Table 1). Trials involving
IHNV and IPNV were conducted at the University of
Idaho, Moscow, USA using BEF-1 cultures at passage
80. Due to the regulatory status concerning VHSV in
the United States and lack of its current detection in
Idaho, all trials with VHSV genotypes were conducted
at the Western Fisheries Research Center (WFRC),
Seattle, USA using cultures at passage 95. In both laboratories, analyses for viral infection and replication
were performed based on those described by Lannan
et al. (1984). Briefly, viral replication was assessed by
infecting replicate BEF-1 cultures in 25 cm2 flasks at a
multiplicity of infection (MOI) of 0.01 to 0.1 with each
viral isolate and incubating the cultures at 15°C for 7 d.
Viral replication was determined by comparing viral
titers at initial infection with titers obtained following
7 d incubation in BEF-1 cells. The 50% tissue culture
infective dose (TCID50) was determined as described
by Reed and Muench (1938) using Chinook salmon
embryo (CHSE-214; for IPNV) or epithelioma papulo-

sum cyprini (EPC; for IHNV and VHSV) cell cultures.
Viral susceptibility was assessed by inoculating 96well plates of BEF-1 cell cultures with 100 µL well–1 of
viral stock solution for each viral isolate in progressive
10 fold serial dilutions. Similar trials were performed
with CHSE-214 (for IPNV), and EPC (for IHNV and
VHSV) for comparison. Following 12 d incubation at
15°C, TCID50 values were calculated following formalin fixation and crystal violet staining.
Microscopy. Cell morphology and cytopathic effect
were visualized using phase contrast microscopy. BEF1 cultures were inoculated with IPNV, IHNV, and
VHSV isolates at a multiplicity of infection of 0.1 and
incubated at 15°C for 4 d. Cultures inoculated with
IPNV and IHNV isolates were compared with uninfected controls at the University of Idaho using a Zeiss
Axiovert 200M microscope at 20× magnification and
images were recorded using an AxioCam HRm camera
(Carl Zeiss). Cultures inoculated with VHSV isolates
were compared with uninfected controls at the WFRC
using a Zeiss microscope at 10× magnification and
images were recorded using a Nikon D-70 camera.

RESULTS
Establishment of burbot embryo cell line
Primary culture of burbot embryo cells resulted in
heterogeneous cell types adhering to the culture vessel. Cells in this primary culture divided slowly, requiring multiple exchanges of culture medium and a
period of nearly 30 d before reaching 95% confluence.
In subsequent subcultures, a slow trend of increased
proliferation rate and decreased heterogeneity was
observed. At passage 60, nearly 3 yr following primary
culture, cell cultures appeared to be of a homogenous
fibroblastic-like cell type. Cells replicated relatively
quickly and would reach confluence after 3 to 4 d at
23°C following a 1:3 dilution. Contact inhibition between cells at this and subsequent passages was not
observed. Cultures at passage 84 and 95 can be seen in

Table 1. Summary of viral isolates tested for BEF-1 susceptibility, isolated from Oncorhynchus spp. and Esox masquinongy. IPNV:
infectious pancreatic necrosis virus; IHNV: infectious hematopoietic necrosis virus; VHSV: viral hemorrhagic septicemia virus
Isolate

Virus

94-434-1
Buhl
RB1
220-90
Makah
MI03GL
DKF1

IPNV
IPNV
IHNV
IHNV
VHSV
VHSV
VHSV

Serotype (S) Host species
Genotype (G)
A9 (S)
A1(S)
U (G)
M (G)
IVa (G)
IVb (G)
I (G)

Cutthroat trout O. clarki
Rainbow trout O. mykiss
Steelhead trout O. mykiss
Rainbow trout O. mykiss
Coho salmon O. kisutch
Muskellunge E. masquinongy
Rainbow trout O. mykiss

Location

Year

Source

Clark Fork Hatchery, ID, USA
Buhl, ID, USA
Round Butte Hatchery, OR, USA
Buhl, ID, USA
Makah Hatchery, WA, USA
Lake St. Clair, MI, USA
Egtved, Denmark

1994
1993
2000
1990
1988
2003
1962

Hill & Way (1995)
LaPatra et al. (1993)
Anderson et al. (2000)
LaPatra et al. (1994)
Batts et al. (1993)
Elsayed et al. (2006)
Jensen (1965)
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Fig. 1. Lota lota maculosa BEF-1 cell line. Cytopathic
effect 4 d following infection (multiplicity of infection
[MOI] 0.1) with IPNV-Buhl (A), IPNV-CF (B), IHNV220-90 (C), and IHNV-RB1 (D) compared to uninfected BEF-1 controls (E) at Passage 84

Fig. 1E and Fig. 2D respectively. Cryopreservation was
achieved for multiple BEF-1 cultures between passages 40 and 100. Cell viability of > 90% was typically
observed from thawed stocks after 1 to 24 mo in liquid
nitrogen storage. Cells could be grown to confluence
following cryopreservation in < 7 d.

Species authentication and karyotypic analysis
Sequence analysis of the COI gene from cultured
BEF-1 cells at passage 80 demonstrated 100% proba-

bility of species placement to the Gadidae family and
Lotidae subfamily, with 99.4% placement to genus
Lota using the BOLD specimen identification system
(www.barcodinglife.org). A taxonomic tree generated
by BOLD for this cell line can be seen in Fig. 3.
Sequence data for the COI gene generated for the
BEF-1 cell line can be viewed in the BOLD database
(BEF001-09) and GenBank (GU126680). Karyotypic
analysis revealed a modal chromosome number of
48 for the BEF-1 cell line. However, chromosome numbers ranged from 28 to 74 with a slight bimodal distribution (Fig. 4).

Polinski et al.: Burbot embryo cell line

19

Fig. 2. Lota lota maculosa BEF-1 cell line. Cytopathic effect 10 d following infection (MOI 0.01) with VHSV-IVa (A), VHSV-IVb
(B), and VHSV-I (C) compared to uninfected BEF-1 controls (D) at Passage 95. Scale bar = 1 mm

Optimization of conditions for in vitro growth
Temperature, FBS concentration, and the use of Fungizone™ antimycotic solution significantly affected BEF-1
cell growth (Fig. 5). Maximum growth was observed in
BEF-1 cultures at temperatures of 15 and 23°C, where
0.64 and 0.68 log increases in cell concentration were
observed following 15 d incubation respectively. At 4°C,
cell density at 15 d was comparable to the initial stocking
concentration, as an initial drop in cell number was
observed followed by minimal protracted growth during
the rest of the 15 d period. Cell death was observed
in cultures incubated at 30°C, where a 0.89 log reduction in cell concentration was observed relative to
initially stocked density following 15 d incubation
(Fig. 1). Nevertheless, scattered foci of proliferating
cells were observed during this period indicating an
ability for sub-populations of these cells to replicate
(at least to a limited degree) at this temperature.
BEF-1 cells cultured in the absence of FBS demonstrated minimal growth (Fig. 5). Cell concentration decreased in the first day following stocking, but recovered slowly to comparable initial stocking densities by

the end of the 15 d trial. A 0.12 log increase in growth
was observed with the addition of 2% FBS, and a 0.45
log increase was observed with the addition of 10%
FBS following 15 d incubation. Increasing supplementation of FBS to 20% did not appear to influence cell
replication compared to cells cultured with 10% FBS.
The addition of PSN did not affect cell growth or
morphology (Fig. 5). In contrast, the use of Fungizone™ significantly reduced cell growth and cells became rounded and granulated in the presence of this
chemical. There was a 0.62 log reduction in cell density relative to untreated controls. Synergistic effects
between PSN and Fungizone™ were not observed, as
cells grown in the presence of Fungizone™ with or
without PSN were comparable.

Characterization of viral susceptibility
All isolates of IHNV and VHSV tested were able to
replicate in the BEF-1 cells. High viral titers and extensive cytopathic effect were observed (Table 2; Fig. 1B,
C; Fig. 2A, B, C), demonstrating susceptibility of the
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instance, a 7 log TCID50 ml–1 lower titer
was produced in BEF-1 cell cultures relative to EPC cell cultures.
None of the isolates of IPNV used in
this study replicated in BEF-1 cells
(Table 2) or induced cytopathic effect
(Fig. 1A, B) during experimental trials.
Thus, the BEF-1 cell line appeared to be
refractory to IPNV, even at high viral
titers (Table 3). Blind passage to fresh
cell monolayers was not performed.

DISCUSSION
In this study, we have described the
development and partial characterization of a burbot cell line, which may be
useful for the detection and replication of
intracellular pathogens of burbot and
other related fish species. Previous work
has identified the need for such cell lines
to identify viral pathogens that may target specific species (Hedrick et al. 1991).
The distribution of this representative
burbot cell line to diagnostic laboratories
should enhance the ability to effectively
monitor and screen burbot for new or
emerging pathogens. The BEF-1 cell line
developed here provides a potentially
important tool for fish health specialists.
A preferred temperature range of 15 to
23°C was observed for BEF-1 culture and
is similar to that in other coldwater fish
cell lines (Lannan et al. 1984). The
upper thermo-tolerance was observed
to be approximately 30°C, although a
Fig. 3. Lota lota maculosa BEF-1 cell line. Taxonomic neighbor joining (NJ)
small proportion of the BEF-1 cells incutree generated using the Identification Engine at the Barcode of Life database
bated at 30°C were observed to multiply
(bold; www.barcodinglife.org). BEF-1 sequence is compared to closely related
in isolated foci, suggesting some BEF-1
field specimens. Scale bar = 1% sequence divergence
cells have an ability (or can adapt) to
replicate at this elevated temperature; an
burbot derived BEF-1 cell line to the IHNV and VHSV
ability that has not been observed in other coldwater
genotypes tested. However, the susceptibility of BEF-1
salmonid cell lines (Lannan et al. 1984).
was lower in all cases when compared with EPC culAs with most vertebrate cell lines where serum is
tures (Table 3). The highest susceptibility of BEF-1 culusually essential for in vitro culture (Freshney 2000,
tures was observed with the M genotype isolate of
Cartwright & Shah 2002), serum, in the form of FBS, is
IHNV (220-90), where a one log TCID50 ml–1 reduction
required for culture of BEF-1 cells. Cultures maincompared with the EPC cultures was observed. Sustained in the absence of FBS failed to substantially
ceptibility was slightly lower to the U genotype of
replicate (Fig.5). Satiation of FBS was observed at a
IHNV (RB1) as well as the IVb and I genotype isolates
concentration of approximately 10%, as increased supof VHSV (MI03GL and DKF1 respectively), where
plementation beyond 10% did not produce additional
approx. a 2 log TCID50 ml–1 reduction was observed
proliferative benefit (Fig. 5). Therefore, it is recomcompared with the EPC cultures. Minimal sensitivity to
mended that FBS be supplemented to 10% to optimize
VHSV genotype IVa isolate was observed. In this
BEF-1 cell replication.
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Table 2. Lota lota maculosa cell line BEF-1. IPNV, IHNV and
VHSV replication. Viral titers determined by inoculating
BEF-1 cell culture media onto CHSE-214 (IPNV) or EPC
(IHNV and VHSV) cells at 0 and 7 d post inoculation
Virus

Fig. 4. Lota lota maculosa BEF-1 cell line. Chromosome
number distribution at Passage 95. In total, 100 metaphases
were counted

The BEF-1 cell line showed sensitivity to the polyene
macrolide amphotericin B (Fungizone). Cell proliferation decreased by nearly 75%, and granulation and
cell rounding possibly due to toxicity was observed.
Polyene macrolides have previously been shown to
alter membrane function and reduce cell proliferation
in other species and cell types, although such effects
have been variable (Fisher et al. 1978, Butterworth
1982). The aminoglycosides neomycin and streptomycin, as well as the beta-lactam penicillin, did not
appear to produce any deleterious effects in BEF-1 cell
culture, but their efficacy as antimycotics is limited and
future consideration should be given to alternative
fungicidal chemicals if required.

IPNV (A9)
IPNV (A1)
IHNV (U)
IHNV (M)
VHSV (IVa)
VHSV (IVb)
VHSV (I)

Viral titer (log TCID50 ml–1)
Day 0
Day 7
4.7
4.7
4.6
4.2
1.7
2.4
2.5

4.4
4.3
8.2
8.3
3.5
6.0
6.6

The use of PCR COI barcoding identified the BEF-1
cell line to its expected species of origin following 80 in
vitro passages. Such authentication is considered an
important aspect for the laboratory use of cell lines
(Cooper et al. 2007) as significant portions of research,
specifically involving human and primate research
(Stacey 2000), has been misleading due to improper
identification or cross-contamination of the cell lines
being used. Karyotypic analysis can also be used to
characterize a cell line for species of origin, but additionally provides indication for chromosomal rearrangement and aberrations (Earley 1975, Freshney

Fig. 5. Lota lota maculosa BEF-1 cell line. Effects of temperature, fetal bovine serum (FBS) concentration, and antibiotics on cell
growth (mean ± SE; n = 4) following 15 d incubation. Letters above columns indicate significantly different values within and
between treatments (p < 0.05). Growth media consisted of minimal essential medium (MEM) supplemented to 10% FBS without
antibiotics incubated at 23°C unless otherwise specified. PSN: penicillin-streptomycin-neomycin (0.05, 0.05, 0.1 mg ml–1);
Amph B: Fungizone™ amphotericin B (2.5 µg ml–1)
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Table 3. Lota lota maculosa BEF-1 cell line. Sensitivity in
detection of IPNV, IHNV, and VHSV by TCID50 assay following 12 d incubation. ND: not done; 0: no cytopathic effect
observed
Virus

IPNV (A9)
IPNV (A1)
IHNV (U)
IHNV (M)
VHSV (IVa)
VHSV (IVb)
VHSV (I)

replication was not evident out to 7 d post inoculation
(Table 2). Subsequent trials in which BEF-1 infected
cultures were monitored for up to 21 d confirmed these
observations as CPE was not apparent (data not shown).
We conclude that the continuous BEF-1 cell line
developed here is not suitable for detection of IPNV.
In summary, this study outlines the development of a
continuous fibroblastic-like cell line from burbot with
characterization in regard to in vitro replication and
susceptibility to 3 prominent viruses of fish. This cell
line is the first continuous cell line to be described in
the cod family, and provides a laboratory tool for further research and pathogen monitoring of burbot and
possibly other Gadidae species.

Virus detected (log TCID50 ml–1)
BEF-1
CHSE-214
EPC
0
0
6.5
7.0
3.5
6.7
6.0

7.4
8.3
ND
ND
ND
ND
ND

ND
ND
8.4
8.0
10.5
8.9
8.5

2000). The modal diploid chromosome number for the
BEF-1 cell line was 48, which corresponds to the chromosome number described for burbot (Rab 1986). Previous research has shown a considerable karyotypic
heterogeneity in cods, which was also demonstrated in
the BEF-1 cell line by divergence from the standard
karyotypic number (Fig. 4). However, techniques
employed to produce chromosome spreads may not be
100% efficient, may result in falsely variable or low
counts (Earley 1975), and may explain some of the
divergence in chromosome numbers observed here
and in previous studies. Thus, although cells transformed for continuous in vitro culture typically show
higher divergence and aberrations in chromosome
number and morphology, we are reluctant to make
claims concerning chromosome aberration or cell line
transformation of BEF-1 due to the presumed natural
heterogeneity and possibility for falsely representative
counts. Nevertheless, given the increased replication,
apparent lack of contact inhibition, and lengthy duration of laboratory culture and passage number, it is
highly likely that the BEF-1 cell line has undergone
some form of transformation that has been expressed
to some degree in chromosomal aberration.
The BEF-1 cell line was shown to be susceptible to
multiple isolates of IHNV and VHSV; 2 prominent and
highly pathogenic Novirhabdoviruses of fish. However, the degree of susceptibility of BEF-1 cells was
lower compared with other previously established cell
lines (Table 3). It is interesting to note that in vivo challenge experiments have also indicated susceptibility to
IHNV at the whole organism level (Polinski et al. in
press). In vivo trials have not been attempted for
VHSV; however, given that this virus has been isolated
from wild burbot stocks (USDA-APHIS 2007) and was
observed to replicate in the BEF-1 cell line here, it may
be advisable to consider burbot as susceptible to
VHSV for the purposes of management.
The BEF-1 cell line appeared refractory to IPNV, as
CPE was not observed in this trial (Fig. 1) and viral
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